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causing ah. extremity of the 


sap wring as 
at least one location within 


for each image placin&the 


corre 


What it claimed is 

A method o\ determining the position of an object relative to a 
reference frame frc m captured images of the object based on triangulation, the 
capped images b< ing take i by at least two cameras having overlapping fields of 
viewlfohin said reference frame, at least one of said cameras having an offset angle 


field of view thereof to extend beyond a boundary of said 

reference frame, s^id method comprising the steps of: 

image of the object using each said at least two cameras at 

said reference frame; 


forleach location: 

detelmimmj the position of the object within each image and 
determined position into a coordinate system 


esponding to t sat oflsa ,d reference frame; and 


he determined positions to determine at least one of the 
position of the object at eatWion and the offset angle of said at least one camera. 


processing 


2. 


Thsmethoc 


within each image 
formed between tie 
frame boundary apd a line 
the image. 


25 


3, Th!e method 

is converted into 
system. 


4. 


of claim 1 wherein the determined position of the object 
represented b\ an angle <p , said angle being equal to the angle 
extretjiity of thefield of view extending beyond the reference 
extending frV the camera that intersects the object within 


30 


cameras at the corners of 
field of view offi et with ijei 
said angle ^ is converted 
c\ = a-8 

where: 


of claim 2 wherei\during said processing each said angle 
k rectangular (*,*) position wkhin the reference frame coordinate 


Tie methejd of claim 3 wherein captuiid images are acquired by 

rectangular reference frame.Wh of said cameras having a 
spect to said reference frame, during said processing each 
to an angle ©, said angle a being represented by: 


10 


can era 
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• 


offset; and 

the angle ^ with the camera offset removed and 

reference frame coordinate system and wherein each 
equation: 


'i J 


the rectangular 

5 The : 

linearization technique. 


are the rectangular coordinates of the camera; and 
the rectangular coordinates of the object, thereby to yield 
(xi y0 and Hie camera offset. 

of claim 4 wherein the fitting is performed using a 


6. Themethoc 
15 Moore-Penrose pseudo-inyersi 


l eing taken by 


20 


25 


7. A method 

reference frame from capttored 
captured images 
view within the reference 
two cameras encompassing 
cameras being of! set caus ng 
beyond said boundary, said 
detennininjg 

within each 


of the object 

to the angle formled betwden 
boundary of said referenda 
the object within the 


30 


the object within 


ima{;e 


theimaje 


claim 5 wherein said linearization technique is the 
method. 


pf determining the position of an object relative to a 
images of the object based on triangulation, the 
at least two cameras having overlapping fields of 
frame, an extremity of the field of view of each said at least 
a boundary o\said reference frame, at lea3t one of said 
the extremityV the field of view thereof to extend 
method comprising the steps of: 
the position of theWct within each image, the position 
mage being represented by an angle, said angle being equal 
the extremity of the field of view encompassing the 
frame and a line extending from the camera that intersects 


dAterminhjg the offset angle of said at ldast one camera; 
sjbtractingthe offset angle from the anglWresenting the position of 
taken by said at least one came\a to calibrate the angle; 


* 


using the calibrated 
respect to theWerence 



8 i^ie; method 

the offset angle foe each 
calibrate the angles. 


9. I* 1 * 
fields of view and 
10 where the position 
a reference frame 
image acquired by 
the steps of: 


15 frame; 


touci 
a 
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angles to calculate the position of the object with 
using triangulation. 


of claim 7 wherein each said at least two cameras is offset, 
at least two cameras being determined and used to 


s;,rstem including at least two cameras having overlapping 
r to process image data of said at least two cameras, 
of an obVt that is within the overlapping fields of view relative to 
deternuned by triangulating object position data captured in an 
each ca[nera\a method of calibrating the touch system comprising 

dderminini the of8*t angle of each camera relative to the reference 


using the offset angle tkcalibrate the object position data; and 
using the ouibrated object position data during triangulation to 
determine the position of raid object relative to said reference frame. 


20 10. 


In 


a touch 


having fields of view that 


an object relative to the reference frame is den 


25 


object based on tjiangulat 
cameras are 
define offset ang 
of: 

capturing 


at least one 


jystem including a Wence frame, and at least two cameras 
overlap within said reference frame, wherein the position of 


30 


position of the o 
being equal to tlie angle 


ined: 


from captured images of the 
of view of said at least two 
rotajed with {espect to the coordinate sysW of said reference frame to 
es, a mjthed of calibrating sajdtouA(s^^ the steps 


ion, and wherein the fields 


«v image of the object using each sa^ at least two cameras at 
location withn said reference frame; and 

for each location: 

de:crmining the position of the object within each image, the 
bject wif in each image being represented by an angle\said angle 
brroed between an extremity of the field of view pending 


• 


beyond the reference frame 


^ 1 rnatlUticaUy^^ 

determined for each image and the position of said at least 
coordinate system assigned to said reference frame. 


cameras bksed on the angle 
two cameras relati /e to the 


11. 


(Tho methoc 


calculated using\ 


10 


15 


a camera 
being aimed tow<irds said 
within the field 
said reference 
said reference 


.20- 


* 


and a line extending from the camera that intersects the 


least squares method. 


20 


25 


30 


13. 

determining the 
rectangular coordinate 
cameras, the 
of an object 
the fields of vifcw 


by each camera to said 


of claim 10 wherein the offset angle of each camera is 


12 A 1 ouch syi tem comprising: 

a generally rectangular reference frame surrounding atouch surface, 
one comer of the refine , frame defining the origin of a coordinate system assigned 

to said touch surf ice; \ , „ 

' X acent each comer of the reference frame, each camera 

virds sam touch surface and capturing images of said touch surface 
of view theW fields of view of said cameras overlapping within 
fam, the Bdfc of view of said cameras being offset with respect to 
frjaiie;and \ 

a processc r processing the captured images and generating object 
position data whan an object apXs in images, said processor 

• < object re ative to s\d origin in rectangular coordinates usmg said 

object pos \ offact m[e9 bemg 

calibration routine to determine offset angles oi saio 

determination, 

L compler readable media hiding a computer program thereon for 
offset angles of cameras at different positions along a reference 

< . _ A \.\~* a*+* o»nftmted bv said 


olject 
wittn 


angles oi wuuwm w*™^-- <- - 
ate « ystem based on object position data generated by said 
pos tion data generated by each\mera representing the position 
the leld of view of said each earnest least one location within 
of said cameras, said computer prograrUcluding: 
compute program code for relating the objection data generated 
rectangular coordinate system; and 


« 


computer 
angle of each cW*a basec 
cameras relative ta said 


t 


program code for mathematically calculating the offset 

on the related object position data and tte position of said 
coordinate system. 


